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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

WIND-TUNNEL FLUTTER TESTS AT MACH NUMBERS UP TO 5.0 OF

BOEING WING MODELS FOR WEAPONS SYSTEM 110A

COORD NGOl b=

By G. M. Levey, W. J. Tuovila, and A. G. Rainey

SUMMARY N

\. PR

Flutter tests have“been conducted on two low-aspect-ratio wing
plan forms under consideration by the Boeing Airplane Company for the
110A weapons system. These configurations had three heavy nacelles near
the trailing edge, and flutter tests were made both with and without the
nacelles. Up to a Mach number of 3.0 the dynamic pressure required for
flutter of a wing with nacelles was generally higher than that of a wing
without nacelles.

INTRODUCTION

The aerodynamic advantages of thin low:asPect—ratio lifting surfaces
for supersonic flight have led to an increased interest in the character-
istics of such surfaces. A complete description of the aeroelastic char-
acteristics of surfaces of this type is particularly difficult because of
the complexities of both structural and aerodynamic analysis of the
behavior of this type of wing. Consequently, when the Boeing Airplane
Company decided on a thin, low-aspect-ratio lifting surface for their
proposal in the Air Force 110A weapons system competition, it was con-
sidered desirable to make a preliminary experimental study of the flutter
characteristics of two plan forms which were within the range of configu-
rations being considered. It was believed that the flutter problem for
the proposed configuration might be particularly acute because of the
rearward location of the engine nacelles. Consequently, a series of
models have been tested in the Langley 9- by 18-inch supersonic flutter
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tunnel and in the Langl;;\2<§§?t transonic flutter tunnel in the Mach
number range from about 0.6 3.0.

;
i

SYMBOLS
g, speed of sound, fps
A twice exposed-panel aspect ratio
b semichord at 0.75 span, ft

fhl first bending frequency, cps

':hé second bending frequency, cps
Ty first torsion frequency, cps
LTe flutter frequency, cps
m mass of wing, slugs
M Mach number. *. . .
N ‘
o] air density, slugs/cu ft

Wy, = 2nfy

" mass ratio parameter (see page 4)
APPARATUS AND TESTS

Description of Wind Tunnels

The tests were conducted in the Langley 9~ by 18-inch supersonic
flutter tunnel in the Mach number range from about 0.6 to 3.0, with some
supplemental tests in the Langley 2-foot transonic flutter tunnel in the
Mach number range from 0.6 to 1.12,

The Langley 9- by 18-inch supersonic flutter tunnel is a conventional

fixed-nozzle blowdown type of wind tunnel exhausting into a vacuum sphere.
This tunnel is equipped with interchangeable nozzle blocks which give
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fixed Mach numbers of 1.3, 1.64, 2.0, and 3.0. In addition, a set of
slotted nozzle blocks are used for tests 1n the range from about
M = 0.6 to 1.3.

The Langley 2-foot transonic flutter tunnel is a conventional slotted-
throat single-return wind tunnel equipped to use either air or Freon-12 as
a8 test medium. This tunnel is of the continuocus-operation type; that is,
it is powered by a motor-driven fan. Both the test-section Mach number
and the density are continuously controllable.

Description of Models

helng considsred-by the Boelng Airptreme—Gempany for the WSIIOA——ompeti=—
The two plan forms (shown in fig. 1) were identical except for
aspect ratio. Both wing designs had a 2.5=-percent-thick double-wedge
airfoil section with the maximum thickness at the TO-percent-chord sta-
tion and were unswept at the 7S5-percent-chord line. The taper ratio was
0.164. The shorter of the two designs, which is referred to herein as
the normal-plan-form wing, had an aspect ratio of 1.27, and the longer
design, referred to as the extended~-plan-form wing, had an aspect ratio
of 1.61. The semispan models were tested as cantilevers mounted on &
half-body as indicated in figure 2. The aspect ratio and taper ratio
are based on the exposed plan forms.

ha

LAbous deds : 5 odire—t ' There were
several models varying in stiffness and mass for each plan form. The
basic structural member of the models was a laminated core made of six
thin sheets of aluminum alloy or steel. The plan-form dimensions of

each laminar of the core are shown in figure 3, and the sheet thickness
and material for each model are indicated in table I. The airfoil shape
was formed by bonding balsa to the core with the grain of the balsa
oriented perpendicular to the core to minimize the effect of the balsa

on the stiffness. The models were finished with a polyester type of
plastic film. The models were equipped with two wire-strain-gage bridges
oriented to be sensitive to bending and torsion strains.

The nacelles for the models were solid cylinders wlth conical ends.
Each nacelle weighed about one-half as much as the wing and had its cen-
ter of gravity at its center. The nacelles were fastened directly to
the wing with two screws. The nacelle locations are shown in figure 1
and the nacelle mass properties are presented in table I.

The masses and natural vibration frequencies of the various models
tested are presented in table I. Under the column heading, "Model," the
letters "A, B, C, D, etc.," suffixed to the numerical designations indi-
cate duplicate models of each design. The letter "N" suffixed to the
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model designation indicates that the model was tested with nacelles
attached. Other suffixes are explained in the "Remarks" column.

Natural-vibration mode shapes were measured on models typical of
the four configurations used in the flutter tests. The first three
natural-vibration modes measured for models 2G and 2GN of the normal
plan form and models 4E and LEN of the extended plan form are presented
in figures 4 to 7. The mode shapes are presented in the form of con-
tours of constant amplitude. These contours were obtained by the accel-
eration method of reference 1.

Test Procedure

The test procedure used in the supersonic flutter tunnel was to
establish the desired Mach number and then increase the test section
density by lncreasing the stagnation pressure until flutter was observed.
The procedure used in the transonic tunnel was somewhat different in
that each flutter point was obtained at essentially constant stagnation
pressure and the flutter condition was reached by lncreasing the speed.

For the tests in the supersonic tunnel the model strain-gage out-
puts as well as tunnel conditions were recorded for the entire run by
utilizing an oscillograph. In the transonic tunnel the strain-gage out-
puts from the model were recorded continuously by using a magnetic tape
recorder equipped with a frequency-modulation system.

RESULTS AND DISCUSSION

Flutter data were obtalned at speeds up to M = 5.0. These data
are presented in table I. Flutter curves are presented in figures 8
bw
to 11, where the altitude-stiffness parameter ‘Egv; is plotted against
Mach number. This parameter has been useful in the past in interpreting
data obtained from a varlety of models, particularly when the behavior
of the models is such that the stiffness required to prevent flutter

varies as the dynamic pressure.

The altitude-stiffness parameters shown are based on the semichord b
at the 0.75-span station. The value of b wused was 0.165 foot for both
plan forms. The frequency w, used in calculating values of the param-

eter is the measured frequency of the mode which most nearly resembled a
first torsional mode. The mass-ratio parameter p 1is defined as the

ratio of the mass of the exposed model (including the nacelles when used)
to the mass of the volume of air contained in the conical frustrum whose
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height is the exposed model span and whose bases have diameters equal to
the root chord and the tip chord. For the normal plan form this volume
was 0.073 cubic foot, whereas for the extended plan form this volume was
0.095 cubic foot.

In general, the trends indicated by the data in figures 8 to 11 are
similar to the trends presented in references 2 and 3 in that continuously
increasing stiffness or altitude is required for flutter-free operation
at supersonic speeds for these low-aspect-ratioc surfaces with highly swept
leading edges. These curves show that a decrease in air density by a
factor of about 4 is required to prevent flutter in changing the Mach num-
ber from 1.5 to 3.0.

An indication of the effect of the nacelles is difficult to determine
from the data presented in the form of the stiffness-altitude parameter.
Consequently, the data have been replotted in figure 12 in the form of
the ratio of the dynamic pressure required for flutter with nacelles to
the dynamic pressure required without nacelles (base wing). Most of the
data fall above a ratio of 1.0 with only 3 points falling slightly below
1.0, indicating that the effect of the nacelles was, in general,
beneficial.

The models as designed were too stiff to flutter in the langley
2-foot transonic flutter tunnel; however, when the plastic film coating
was removed from one of the extended-plan-form models, flutter was
obtained with nacelles attached up to a Mach number near 1.0. Beyond a
Mach number of 1.0, this model experienced a type of static divergence
which appeared to be due to the localized weakening of the leading edge.
With the nacelles removed this divergence condition was encountered at
dynamic pressures below the dynamic pressure required for flutter with
the nacelles attached. These divergence characteristics are indicated
in figure 135 where the dynamic pressure at the flutter or divergence
boundary is shown as a function of Mach number for a model of the extended
plan form with and without the nacelles. The bare wing diverged at a
nearly constant value of dynamic pressure at Mach numbers from about 0.7
to 1.2 while the wing with nacelles fluttered or diverged at appreciably
higher values of dynamic pressure. The increase in the dynamic pressure
required for divergence of the wing with nacelles may have been due to s
stiffening effect of the nacelles.

CONCLUDING REMARKS

As a result of wind-tunnel flutter tests up to Mach number 3.0, it
appears that the nacelles of the configurations tested impose no flutter
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penalty; in fact, the dynamic pressure required to flutter a wing with
nacelles was generally higher than that required to flutter the bare
wing.

Langley Aeronautical ILaboratory,
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Langley Field, Va., September 27, 1957
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TABLE I.- MODEL DATA

(a) Normal plan form

Core Frequency
each lamina Each nacelle cps ’ b
Mode] M a q [} n - /: Remarks
Thickness Inertia
in. ’| Material in-lb/se::z fhy fo |Tho]fe
2B 0.006 Steel [ 0.13 | =mmmeee|mmmmmmmmeee 0.74| 148 [280]400]182|1072]1075 J0.00330 | 16.75] 1.105
2BN .006 Steel 12.85 x 105} 74| 71 {162]|267]---]1077]1807| 00549 | 27.1 .313
2B .006 Steel | .13 | —-eeemc]ommmmcmeeae 1.30|147 Je73l391f191] 98811215] o019 | 37.1 | 1.743
2BN 006 Steel 1.30] 71 [162]260| 99| 992{22u0! 00267 | 55.7 | 1.26
2B .006 Steel 1.64[149 |272|388{200] 9335|1520 .00130 | 42.5 | 1.970
2B .006 Steel | 13 | wmememmfemmmmeeaea 2.00]147 |280]470)199]| 869|1519] .00100 | 55.4 | 2.48
2B 006 Steel 3.00|147 [280[400|195} T13]|1732] .000T55| 73.2 | 3.48
2IX .006 Steel 65127 | 227]318f-~~[1128]1263 | .00k72 | 10.5 .672]] No flutter
2IX .006 Steel .30{126 |{232{325|155] 982} 615] .000T5 | 65.8 | 1.978 No plastic skin
21X -006 e S R L R 1.641129 |229]320|167( 923] 650 00057 | 86.6 | 2.355 ' PIASLE B
21X 006 Steel 2.00{128 |218]350]160]| 855] 8o | .o00k6u|106.5 | 2.72 on mode.
2IX .006 Steel | 116 mmmeccofmemcccmccaee 3.00{129 |217]358}152] 697} 633 .000289]171.0 | .21
F .006 Steel 1.061160 |290]388|200|1043]1345] 00221 | 25.0 | 1,435 [cmcemmmmcmcmenn
2FN .006 Steel 1.10] 76 [167]275]|102f10k0|2573] J002k2 | 61.5 | 1.30 |-cmmmeeenccacen
27 .006 Steel | 126 | mememmee|omemmmeceae 851157 |300[425]|195 1073 ok | c00361 | 14.85] 1.11  femmmmmmmmcemee
2JN .006 Steel .87} 76 |180|285|---[1100]2687| .00593 | 24.8 .8l No flutter
5A 004 Steel | .092 | —=mmmme]mmmmmmmeee 1.30]139 [298]391]1180| 981|1375| .00166 | 23.6 | 1.520 J--emmrecmmomaam
3B Nelo Steel | 090 | cmmmecafommmacaaae 1.30l121 [2B82f406{188| 986|1242] .00151 | 25.4 | 1.483
3BN .00k Steel 1.30| 62 [166]|252f104] 992|1720f .00206 | 49.5 | 1.22
3B 004 Steel | 090 | mmmeuocfmmmamnmaneaa 1.64]122 |275]400]|200| 932[1610| .00137 | 28.0 | 1.62
3BN .00k Steel 1.64] 67 [180]2B1]|11k| 928|2082| .001805| 56.7 | 1.51
3B .00k Steel | 090 | cemmmm]ocmmmmcenee 2.00|150 |e91|k09{200| 873{1980| .00131 | 29.2 | 1.86
3BN .00k Steel 2.00| 66.7]183|284]108] B75{2080| .00136 | .0 | 1.87
3B .00k Steel | 090 | m=mmeom|mmmmmmeeomea] 3.00{138 |2921505|195] 739|2228| .000905| 42.4 | 2.66
3BN .00k Steel 3.00[ 68.2]181[289{100( 723|2150| .000910 [112.3 | 2,74
3D 00k Steel | .088] ---emme]ocommmmae 5.001156  ]2B4}400J1T76] T25]1554 | .000656) 5T7.0 | 3.06 |--ceercomcacean
1BB .010 | Aluminum] (09T | ===mwmnfecmcmemaaaad 631198 | 370{523] ---]1107| 1292 .00531 7.771 - No flutter
1BB .010 | Aluminum| .097 | —-ememm|acmmmmmmaneo 1.641195 371|500 250] 941§1968] .00165 | 25.0 | 2.035 [|--cccmmmemmmaan
1cc .010 Aluminum| .093 [ =~mmem=]emccamaacaan 1.64|197 |352]480| 320} 929|1375f 00118 | 33.5 | 2.27 |e-emem—cermaaa-
1ceN .010 | Aluminum 1.641 96 |210f323|1k2] ok3]2180| 00181 | 58.4 | 1.76  |f--cmcemommceet
9 .010 Aluminum| 070 —=memma|ecmccanaaa 1.64)171 |269|340f220f 914| 469| .o00416]1 T1.5 | 2.58 Bare core
11 .010 | Aluminum| L086] wecmmemecmmcccmmaq 1.64f164  |284]380[210] 920| T56| .000662] 55.3 | 2.38 Mo plastic skin
13A .007 Steel | 146 —mmccmem|mccmmmamee] 1.64[261 [280]394[215] 928|1481] .001265] 43.0 | 2.183 |ececmmmemmcucm
13AN .007 Steel 1.64| y2 |2o0]312| 141} 9u7]2780] .00230 | 67.8 | 1.800 [ececmmmmmaceaan
16B .003 Steel | .O78] =mmwmem]emmmmcaacnnn] 651119 |250|359| 164[1098| 762{ 00300 | 11.05] .783 |----emcmceemane
16BN .003 Steel .65] 57 |150]228]---{1110] 1464} 00569 | 17.1 578 | No flutter
16D .003 Steel | OT8| =~=—wemcfmmmmcccmeear] 85]135 [|287]|410)167]1082|1575| .00368 9.02| ,822 |remmmmmmmmmeaem
16EE .003 Steel 63117 |259]40k]| -~ 1113|1307| .00532 6.24] .60 No flutter
16EE .00% Steel LTHY118 ]259]404 162]1072] 1007] 00309 | 210.75| 818 |eececcmmmmmcaaao
3E .00k Steel 3.000129 |2u5tk29| 167 712]1159] .000506 | 5.5 § 3.09 |-=memmmeem—ene-
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(b) Extended plan form
Core, Frequenc
each lamina Wing Each nacelle cps v
Moded|—— Kl ey peen M ala | » wo [ Zayn Remarks
ckness 1b e t nervia,
in. ’|Material ib in—lb/sec2 fhl fa fnp | It
8A 0.012 Aluminum | 0,146 | cmmmmme| cmcemm e 0.68[140 |299 |k12 169 |1115| 928{0.00322 | 14.8(1.07
8aN .012 Aluminum{ .1%6 | 0.0735 |12.45 x 10=2 650 T2 J17h |276 | --~ |1110|1462| .00564 | 21.2| 471
8a 012 | Aluminum| 146 | mocmmes| commememaeee B85(135 {285 |10 {175 |1073|1127| .00275 | 17.5j1.137
84 ,012 [ Aluminum| 146 | ceemmme| commmaeeaae 1.10|152 [283% |hos [167 |1031| 918| .o0142 | 33.6]1.650
8aN 012 | Aluminum| .146] L0735 [ 12.45 1.10[ 68 171 |261 (111 [1036| 992| .00154 | T7.6(1.585
8A .012 Aluminum| 146 | cmcmcwn] cccmmmemcaen 1.30[ 147 [301 [432 [200 9911402 | 00168 | 28.4(1.673
8AN .012 Aluminum| .146] L0735 | 12.45 1.50| 75 1187 |281 |1l0 978[1555| .00191 | 62.6[1.56
8A .012  {Aluminum| 146 | cmcmmmef cmmmeccmcaen 1.64] 147 |300 506 |211 gkol1637] 00138 | 34.611.957
BAN .012 Aluminum| 146 0735 | 12.45 1.64 77 (186 |286 [120 932 2022] 001730 69.2]1.72
8A .012 Aluminum| 146 [ ccccmma| ccammmnecaaa 2.00(150 |305 |435 212 870{1962| .001295( 36.8(2.195
BAN .012 | Aluminum| .146 0735 | 12.45 2.00| 77 |189 |288 {111 875{1905¢ 00125 | 95.7]2.18
LCN .010 | Aluminum| .122]| .0659 | 9.29 2.00] 58 |162 |236 |100 8701747} .00116 | 90.0(1.83
4e .010 Aluminum| 122 | ~mmeeme| mmeccmaacona 3.00{126 [265 {375 185 T14|1431] .000619] 64.5|3,08
LCN .010 Aluminum| .122 0659 | 9.29 5,000 60 |16k [2h0 100 72211815 | .000773]135.0}2.72
4D L010 | Aluminum| 132 ~memmes]| commemamaaae 1.50|121 |263 368 [168 985| 867| .00105 | k1.0{1.767
4DN 010 | Aluminum| .132| .0659 [ 9.29 1.50] 6% l155 [236 92 9911060 [ .00126 | 85.k(1.49
Lp .010 Aluminum| .1%2 | ~emeeme) cmccmmmmeaae 1.64{123 |264% {370 [183 926|1116| .000968| 44.511.93
4DN .010 | Aluminum| .132 0659 | 9:29 1.64 67 164 |2u8 {107 93011522 00114 | 9k.3|1.77
4D L010 | Aluminum| .132| veemm-n|—mememoeanan 2.00{125 |267 [375 |200 | 866[1480| .000985| 43.8}2.105
4LDN .010 Alumimm| .132| .0659| 9.29 2.00| 66.7/166 |250 |107 867i1612} .00107 |100.0{1.98
5B .006 Steel 2196 | mavammn| cmmmm e 1.640 92 |200 [329 [133 930(1000| .000861| Th.3}1.912
5B .006 Steel 2196 | smemmen| cmmmem e 2.00| 90 (201 |[339 (138 861112281 .000826| 77.5|2.12
SBN 006 Steel L1961 106 [15.93% 2.00| h3.5121 177 70 8752045 | L0013k {157.0(1.79
5B .006 Steel 2196 | wmmmmme] cmememaeeeee 5.00] 97 [208 (347 |134 7191139 | .000600]107.0/3.10
SBN .006 Steel 196 | 106 [15.93 3,00 45 |l22 |175 70 70411835 | .000777|216.0|2.56
8F 012 Aluminum| 140 | mmmewee| cmem—m e 1.64{140 |285 |400 |211 92511580} 00136 | 33.6]1.85 T
BFTN .012 Aluminum| 140 0755 | L2.45 1.30| 71 |167 260 |100 990(1339 .001615| 72.9{1.49
8FT .012 | Aluminum| 140 | mmcemem| emmmmmaemoao 1.640162 |298 |426 {210 926{1790| .00154 | 29.6(1.81 Tip altered
8FTN 012 | Aluminum{ .1k0| .0735 [12.45 1.64[ T2 (166 {267 (109 912(1680| .001485| 79.3]1.675
1A 007 Steel 2185 | commmmmf cmmmmaeeeee 1.641109 |220 |315 }155 928]1318| .00113 | 53.5|1.790
14AN .007 Steel .1851 .106 | 15.93 1.64| 50 |130 {185 70 9291628 | .o0ik2 [115.7]|1.56
10 .010 Aluminum| 079 | ~m=mmea| cmcmcaananas 1.6k 99 [183 (238 |[emme- 911| 450( .00040 | 64.5|1.67 Bare core, diverged
12 L010 | Alumirum| 098 | memmc=nf cmmmcmameeee 1.64 97 |202 |257 [145 911| Loz2| .000356| 90.0|2.18 No plastic skin
(.71l 26.1] 81.4|102.4| 39.9] 512 217| 00273 | 37.2|1.00)
.15 26.1] 81.4j1o2.4| k2,0 508f 211) .00283 | 35.9( .99
.68 26.1] 81.4|102.4] 42.8| 511| 211| .00339 | 30.0| .90
64| 26.1| 81.4|102.4| 42.4| 513 216| .o0k0T | 25.0] .B2
.60 26.1) 81.4]102.4] 43,71 5141 216] .o0458 | 22.2| .77
91| 26.5| 81.8]102.3] 36.5| 507| 158! .0014s | TO.k|1.40
.91l 26.5| 81.8/102.3| 37.0| 507| 164| .00150 | 67.6[1.37
6DNX 00k Steel L1130 L0659 ] 9.29 .87] 26.5| 81.8)102.3] 37.8| 508} 171| .00L70 | 59.7[1.28 No plastic skin
.81 26.5| 81.8{102.3| 39.1| 510| 173} .00201 | 50.7[1.18
.T9| 26.5| 81.8]/102.3] L0.0| 509| 187| .00229 | L4.5)1.11
L730 26.5 81.8/102.3| Lo.6| 509} 193] .00273 | 37.3;1.01
1.05( 27.2 83.0{105.0[==nun 502| 172| .00220 | 84.6]1.57 Diverged
.99| 27.2| 83%.0/105.0| 35.4| 503| 162| .00128 | 79.6|1.52
1.12} 27.2] 83.0[105.0|~==m- 501| 164} 00102 | 99.2{1.70 Diverged
.62] 27.0f 81.6/101.0] 43.5] 502| 201] .o0k06 | 25.0f .84
L p
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Nacelle center
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T Nacelle
| 33" attachment

points’

1.33"

Section center
of -gravity

(b) Normal (A = 1.27).

Figure 1l.- Model plan forms.
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L-57-1916
Figure 2.- Extended plan form with nacelles mounted in Langley 2-foot
transonic flutter tunnel.
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Figure 8.- Flutter curves for normal-plan-form models without nacelles.
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Figure 9.- Flutter curves for normal-plan-form models with nacelles.
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Figure 10.- Flutter curves for extended-plan-form models without nacelles.
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Figure 1l.- Flutter curves for extended-plan-form models with nacelles.
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Figure 12.- Effect of nacelles on flutter.
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WIND-TUNNEL TER TESTS AT MACH NU&BE&S UP TO 3.0 OF

BOEING WXNG MODELS FOR WEAPONS SYSTEM 110A
A

ORD. NO. AF-AM~108

By G. M. Levey, W. J. Tuovila, and A. G. Rainey

STRACT

Flutter tests have been conducted on two low-aspect-ratio wing plan
forms under consideration by the Boeiyg Airplane Company for the
110A weapons system. These configuratjons had three heavy nacelles near
the trailing edge, and flutter tests wexe made both with and without
nacelles. Up to a Mach number of 3.0, the tests indicate that the addi-
tion of the nacelles was, in general, benaficial.
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